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ABSTRACT 

Bands of cumuliform  clouds  over  the  Caribheau Sea its observcd by TIROS I are  d(wxih:d.  The possible 
relationship  between  the  occurrence of these  bands and the  vertical  structure of the  horizontal minds is discussed. 
The  cloud  street  orientation is compared  with t>he wind  direction. 

1. INTRODUCTION 

The meteorological  satellite, TIROS I, [I]  presented  an 
opportunity t'o view the meso-scale structure of cloud sys- 
tems  as well as the large-scale structure [2, 3, 4, 51. The 
meso-scale structure is often  better  shown  by  the  'harrow 
angle" camera.  This  camera  when  pointing  vertically 
downward  from a height of 380 n.  mi.,  photographcd a n  
area whose diagonal was about 85 miles  across. '1'11is 
detail  enables one to  study  several  interesting  features of 
"cloud streets." 

Such  long thin lines of clouds,  or  cloud  streets,  occur 
fairly  frequently  in  the  atmosphere.  For  example,  Riehl 
et  al. [6], in  a  study of cumulus  cloud  bands  in  the  trop- 
ical  Pacific, found that  the  bands were  oriented  parallel 
to  the low-level  wind  flow. Kuettner [7] presented  several 
examples in which cumulus  cloud  streets  were  parallel t'o 
the  wind;  he also  discussed the meteorological  conditions 
under which such cloud bands will align  with the wind. 
He considered mainly cloud streets  formed when cold air 
flows over  warm  surfaces,  although  other  types were  also 
mentioned. 

The TIROS I narrow  angle  camera also photographed 
some cumulus cloud streets,  and  the  relationship of the 
flow pat,terns  to  the  orientation  and  other  aspects of the 
streets  shown  in  the  pictures will be discussed  below. 
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2. THE SATELLITE  PICTURES 

Figure 1 is a composite  assembled from several  narrow- 
angle  pictures  taken :It 10-second intervals between 2030 
GMT and 2033 GMT 011 April 1, 1960. The  satellite was 
traveling  from  northwest  to  southeast which is from  left 
to  right in tllc  composite. The camera axis  was  oriented 
slightly  back  and  to t'lle  left at  this  time. 

The  white  arcas  in  figure 1 are  probably  all cumuliform 
clouds.  Grand  Cayman  Island is relatively cloud-free 
while the western  end of Cuba and the  Isle of Pines  are 
morc cloud covered. The presence of such  land  features 
incrcarcs  the confidence  in the  location  and  orientat'ion of 
the cdoud fe' <l t  ures. 

Figure  2 is a schcmat'ic  representation of the clouds 
shown  in  figure 1. The  dashed  outline defines the  areal 
coverage of figure 1. The t'rack of the  satellite is shown 
by  the  arrow. 

The composite and  the  schematic  diagram  indicate a 
greater  concentration of cumulus  clouds  over  the  heated 
land  areas of the  Isle of Pines and Cuba  than  over  the 
adjacent  ocean  areas.  This is perhaps  better  shown  by 
examining  figures 3 arid 4 which depict  the  detail of cloud 
masses  over Cuba  and  over  the  Isle of Pines,  respectively. 
(The shoreline of the  islands is indicated by  the  white 
outline.)  These figures  show much  more  extensive  cumu- 
lus activity  over  the  heated  islands  than  over  the  adjacent, 
ocean areas. 
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FIGURE 1.-Mosaic of narrow-angle  pictures  taken at 10-sec. intervals betwvcen 2030 and 2033 GMT, April 1, 1960. 
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This  more  extensive  convective  twt'ivity  is  apparently 
indicative of the  greater  instability  over  the islantls. I n  
figure 5 ,  comparison of the 0000 GMT,  April 2, 1960 radio- 
sonde  observations at   Havana (considered  representative 
of the  hcat'ed  air  over  the  island of Chba)  with  the  radio- 
sonde at  Grand  Chyman  (considered  representative of 
the oceanic  air)  shows  the  Grnnd  ('ayman  sounding  to 
be more  stable  and  drier,  particularly  in  the  layer  from 
900 t'o 800 nib.  Differences  in  heating  doubtlessly  account 
for much of this  stability difference. An inspection of the 
sounding  for 0000 QMT, April  2 and for 12 hours earlier 
(not shown  here) a t  Htlvana  (land  influence) ant1 a t  
Grand Cayrnan (oceanic  influence)  shows that  the lower 
layer  at'  Havana experienced  considerably  more  warming 
between  early  morning  and  evening  than  did the lower 
layer at Grand  Cayman. 

3. CLOUD STREETS IN RELATION T O  THE WIND FIELD 

The  tendency for cumulus  clouds to  line  up  in bands or 
streets  under  certain  conditions has been  pointed  out 
[6, 71. Kuettner [7] discusses some conditions  required 
for the  convect'ivcly  formed  clouds  to  align  in  bands  par- 
allel to the  wind. I n  his  observation,  the  wind  direction 
was  fttirly constant  throughout  the  convective  layer; but 

ttmt  parameter,  according to Kuettner [7],  in  determining 
whether  such  bands will align  wit'h the  wind  is the mean 
curvat'ure of the vertical profile of the horizont'ul  wind 
speed  within  the  convective  layer. He found  typical 
values of this  speed-curvature  to  be of the ordcr of 
"10" cn1." see." 

Figure 6 shows  t'he  wind  direction  and  speed a t  HavarltL 
and at Grand  Cayman  as a function of height. ( S o t c :  
The 0000 GMT A4pril 2  wind  record  for  Havana  was miss- 
ing;  t,herefore the 1200 GMT April 1 wind  sounding w a s  
used. This difference  is  probably  not'  serious  since  thc 
synoptic  situation  in  this  region was generally  unchanged 
in  this  12-hour  period.) The  Grand Chyman wind pro- 
file (fig. 6b)  shows a well defined,  broad  wind  speed max- 
imum  in  the  lower  layers  while  Havana (fig. 6a)  shows i~ 

poorly  defined  slight  maxinlum  at' 10,000 feet. LAlthough 
the  wind  maximum may not be  significant for Havt~na,  
comput'ation of t'he  mean  curvature  in  the first 12,000 
feet  indicated that  at'  bot'h  st'ations  the  wind profile cur- 
vatures were negative,  and  the  curvature  had  values 
within an  order of magnitude of  10" cm" sec." 

The cloud  mosaic (fig.  1) and cloud  schematic (fig. 2) 
show  the  cloud  bands  in the vicinity of the  Isle of' Pines 
and  Cuba  oriented ut about 140', and  the three cloud 
bands  just  sout'heast of t'he  Isle of Pines  oriented a t  
150°-160'. Referring  to  figure 6a, i t  can be seen that 
the  winds at   Havana in  the first 12,000  feet'  were  within 
30' of these  orientations. In t'he  layer  from  2,000 to  
12,000 feet,  the  wind ut Grand Cayman was  between 
120' and 140'. Thus  the cloud  st'reets  are  aligned  quite 

closely  with  the  wind  direction  in  t'he  convective  layer a t  
the t'wo stations. 

Satellite  pictures  present  an  opportunity  to  observe 
spacing, sh:tpe, anti  other  characteristics of cloud  bands. 
For es:tInple, thc? three  cloud httnds immediately  sout,h 
and southeast of the  Isle of Pines just mentioned (see 
fig.  1) are  interesting  because of their  length  and of the 
large tlisttmces  between them.  Figure 7 shows t'llese 
tllrcc bmds  in  grcatcr  detail. 'The distance  from  t,he 
casterrmost b:tntl in figure 7 to  the  middle  one  is  about 
20 rides,  and from the  middle bund to  the westerrmlost9 
one  is  ahout 30 miles. The  length of the  middle  band 
(neglecting  the  brighter  portion  in  the  south  which  may 
be part' of mother cloud band) is  about 30 miles,  and of 
the  other  two about 50 miles. 

Sot ing again figures 3 and 4, one c:tn see that over  the 
heated l a n d  misses of the  Isle of Pines  and  Cuba  the 
spacing of thc  bands  is :LKI order of magnitude  smaller 
t h m  the  spacing  over the ocean.  Over  Ouba  the  spac- 
ing  is  about :3 to  4  miles; over the  Isle of Pines i t  is about 
2 t>o B miles.  r\loreover,  the  length of these  lines  appears 
to be  related to the  distance across the  island  in  the direc- 
tion of the wind flow. For example,  t'he  bands (fig. 3 )  
over  cstrcrne  western Cuba are short'er  t'han  those  farther 
cast over Cuba; the bands over  the  very  narrow  south- 
wcstcrn  portion of the  Isle of Pines (fig. 4) are much 
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FIGTTRE 3,”Detailed  composite of the  portion of thc mosaic over C u t x t .  The Cnt)arl coastline is shown by the white outline. 
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shorter  than  those over the nort1re:tstern portion of the 
island.  The  distances across the  islands i n  the  dircctinrl 
of the wind flow vary ill tl similar rrulnrler. 

In  the  extreme soutl1e;tstern end of the  picture sw:Lth, 
some  anticyclonictdly (?) curved b:mds, which  were i n ) -  
bedded  in  the  general southe:astern flow, were rlotwl ( s w  
figs. 1 and 2). These are illustrated more clearly i n  fig- 
ure 8. The  radius of curvat'urc o l  these bzmds is 60 r r . m i .  
and they  are  spaced at' 3 t'o 4-n.nli.  intervals. Xletcoro- 
logical observations in this u c a  were too  sparse to deter- 
mine  whether a circulation of such R srrrnll scwlc existed. 
Nevertheless  t'he curvature in the cloud street suggests 

tllat suclr slrrdl  untlrdations i n  the  circulation may have 
exist c t l  . 

4. SUMMARY 
The 'I'IROS narrow-angle c:mlera presents tt means of 

tlttcrnrirling  such lactors as orientation,  spacing, and 
length of c.loutl streets. In this  stud>-  the  street's were 
:dignet1 within 30' of thc w i n d  direction  in  the convec- 
tive  layer. The spacing of the  streets  over heat'etl land 
was  Irluch less t h m  of those  over  the ocean. The  length 
of tlrc streets over  the  larger  islands  appeared  to  be 
rcl:ltctl to the dist:rnce across the  islmd in the direction 
of the  w i n d  fiow. 
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